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The Monte Carlo calculations are carried out for estimating the flux densities 
and the dose rates of gamma-rays near the ground surface due to the short-lived 
radon daughters in the atmospheric layers of various elevations. When the radon 
daughters are distributed uniformly in the atmosphere and their contents are same 
each other, the flux density due to 214Bi is about 2.7 times higher than that of 214Pb, 
and the dose rate of the former is about 6.8 times of the latter. The results 
obtained in this work are available to estimate the flux densities and the dose rates 
due to the atmospheric radon daughters in any arbitrary vertical distribution. 
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1. Introduction 
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The variations of the atmospheric radon daughter content and their vertical distribution cause 
the fluctuation of the environmental gamma-ray intensity. This fluctuation is one of the serious 
disturbances of the monitoring of the environmental gamma-ray intensity for the detection of the small 
but troublesome changes of it due to the artificial causes(l - 6). The other fluctuation of the 
environmental gamma-ray intensity is caused by the precipitation. The raindrops and the snowflakes 
bring the great amount of radon daughters from the upper air to the ground surface, and the strong 
source of gamma-ray is formed temporarily at the ground surface(l,S,6-8). 
The present authors have been continuously measuring the radon daughter content in the 
atmosphere and the precipitation, and the environmental gamma-ray intensity. Through the 
investigation of the relation between them, it becomes clear that the gamma-ray intensity has the 
linear correlation with the quantity of the radon daughters deposited on the ground surface by the 
precipitation(S), and the gamma-ray counting rate shows the clockwise looping variation in the relation 
with the atmospheric radon daughter content(3,'). 
In order to explain the latter phenomenon, the Monte Carlo calculation was carried out to obtain 
the gamma-ray flux density near the ground surface which is emitted from the radon daughters in the 
atmospheric layers of various elevations. Using the results of these calculations, it becomes clear that 
the looping variation mentioned above is caused by the time variation of the vertical distribution of the 
atmospheric radon daughters. Furthermore, the gamma-ray dose rate was also calculated under the 
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same condition. The results of these calculations have been already reported partially<9,10). 
These results of the Monte Carlo calculations are useful for the estimation of the flux densities 
and the dose rates of gamma-rays due to the atmospheric radon daughters in any arbitrary vertical 
distributions. Therefore, the numerous data of these results are reported here in full detail. The 
computational program used in this calculation is also shown in appendix. 
2. Monte Carlo Calculation 
The Monte Carlo calculations are carried out to estimate the gamma-ray flux densities emitted 
from the radon daughters in the atmospheric layers at various elevations. The gamma-ray dose rates 
are calculated using the obtained energy spectra of the gamma-ray fluxes with partial modifications of 
the Monte CaIro calculation program. The thickness of each atmospheric layer considered is 10 m in 
the region between the ground surface and the 500 m height, and 100 m between the 500 ..... 1,500 m 
height. The gamma-ray intensities are calculated for 214Pb and 214Bi, respectively, taking account of 
every gamma-rays of different source energy which have an emission rate of more than 0.5 %(11). 
The computational program is constructed to obtain the gamma-ray flux at the infinite plane of 
0, 1, 3, 5, and 10 m height above the ground surface. The gaIl)ma-rays are assumed to be emitted from 
214Pb or 214Bi distributed uniformly in a column of the air which has a base of unit area and a height of 
10 or 100 m at various elevations from the ground surface. 
In these calculations, the photoelectric effect, the Compton scattering and the electron-positron 
pair creation are entirely under consideration. Each history is finished when the photoelectric effect 
occurs on the gamma-ray or the energy of the scattered gamma-ray becomes lower than the cut-off 
energy. The cut-off energy of the gamma-rays is set to be 50 keY because the lower discrimination 
level of the monitoring system corresponds usually to this energy. In each history, the gamma-ray is 
traced completely even when it goes into the soil because the contribution of back-scattered gamma-
rays is not so small(l2). 
The number of histories of these calculations is 100,000 for each atmospheric layer, and the CPU 
time required for each calculation is about 150 seconds using a FACOM M760/6 computer. 
The computational program constructed for this work can be used to calculate the dose build-up 
factors of gamma-rays in the air with the partial modifications. The result of this calculation agrees 
well with the published data of the air kerma build-up factors(l3,14). This agreement shows the 
reliability of this computational program. 
3. Results and Discussion 
The Monte Carlo calculations of the flux densities and the dose rates due to the atmospheric 
radon daughters are carried out for the upper atmosphere higher than 1,000 m height. The 
contributions of them are almost zero or negligible small even when the source energy of the gamma-
rays are is very high. Therefore, the results are shown for the region between the ground surface and 
the 1,000 m height. 
In this calculation, the heights of 0, 1, 3, 5 and 10 m are considered for position of the detector. 
Because the differences are little among the results obtained for the various height mentioned above, 
the results are shown for the detector height of 1 m. 
Tables 1(a) and (b) show the calculated gamma-ray flux densities due to the radon daughters in 
the atmospheric layers of the various elevations obtained by the Monte Carlo method mentioned above. 
Table 1(a) and (b) show the flux densities of the primary gamma-rays and the total flux densities 
including the scattered ones, respectively. In these tables, the vertical distributions of 214Pb and 214Bi 
are, respectively, uniform with a content of 1 Bq/m3. The tables show the contributions of each 
atmospheric layer and the value cumulated up from the ground surface to the height indicated in the 
first column. 
Table 1(a), (b) Calculated gamma-ray flux densities at 1 m above the ground surface emitted from 
the atmospheric radon daughters distributed uniformly with the content of 1 Bq/m3. 
The data shown in these tables are obtained by the present Monte Carlo calculation. 
The contribution of each atmospheric layer and the cumulated contribution from the 
ground surface to the various height indicated in the first column are shown 
together. The thickness of each atmospheric layer considered is 10 m in the region 
between the ground surface and the 500 m height, and 100 m between the 500 -
1000 m height. 
Table l(a) Flux densities of primary gamma-rays. 
ATMOSPHERIC CALCULATED FLUX DENSITY OF PRIMARY GAMMA-RAYS (photons/(m2 'sec» 
LAYER --.-m.NTRIBUTION OF 214Pb ___ ~PNTR~m:J-illL OF ~14Bi SUM OF 214Pb AND 214Bi __ (m HEIGHT) EACH LAYER CUMULATION EACH LAYER CUMULATION EACH LAYER CUMULATION 
O- lD 9.8355 9.836 22.7806 22. 781 32.6162 32.616 
10- 20 4. 5991 14.435 11. 9753 34. 756 16.5745 49. 191 
20- 30 3. 1214 17.556 8. 7706 43.527 11. 8920 61. 083 
30- 40 2.2674 19.824 6.8914 50.418 9. 1588 70.241 
40- 50 1. 7429 21. 566 5.5998 56.018 7.3427 77.584 
----SO-=-6Q- 1. 3551 22.922 4.6582 60.676 6.0133 83.598 
60- 70 1.0713 23.993 3.9426 64.619 5.0140 88.612 
70- 80 0.8698 24.863 3.3867 68.005 4.2566 92.868 
80- 90 O. 7019 25. 565 2.9241 70.930 3.6260 96.494 
90- 100 O. 5729 26. 137 2.5320 13.462 3. 1048 99.599 
100- 110 0.4776 26.6f5 -- 2.2255 75.687 2. 7031 102.302 
110- 120 O. 3955 27.011 1. 9443 77.631 2. 3398 104.642 
120- 130 0.3306 27.341 1. 6975 79.329 2.0281 106.670 
130- 140 0.2726 27.614 1. 5015 80.830 1. 7741 108.444 
140- 150 0.2271 27.841 1. 3357 82. 166 1. 5628 110.0o,~ 
150- 160 O. 1942 28.035 1. 1830 83.349- 1. 3772 111. 384 
160- 170 O. 1629 28. 198 1. 0618 84.411 1. 2246 112.609 
170- 180 O. 1363 28.334 0.9405 85.351 1. 0768 113.684 
180- 190 0.1173 28.452 0.8490 86.200 0.9663 114.652 
190- 200 O. 1014 28.553 O. 7694 86.970 0.8707 115.522 
200- 210 0.0861 28.639 0.6875 87.657 O. 7737 116.296 
210- 220 0.0713 28.710 0.6222 88.279 0.6935 116.990 
220- 260 O. 0615 28. 772 0.5517 88. 837 0.6192 117.609 
230- 240 0.0541 28.826 0.5084 89. 345 0.5625 118. 171 
240- 250 0.0467 28.873 0.4641 89.810 __ f-- O. 5~~ _!1~82 __ 
250- 260 0.0393 28.912 0.4240 90.234 0.4633 119. 145 
260- 270 0.0326 28.945 0.3865 90.620 0.4192 119.565 
270- 280 0.0289 28.973 0.3525 90.973 0.3813 119.946 
280- 290 0.0262 29.000 0.3061 91. 279 0.3323 120.278 
290- 300 0.0226 29.022 0.2785 91. 557 0.3011 120. 579 
300- 310 0.0186 29.041 0~2570 91. 814 0.2756 120.855 
310- 320 0.0164 29.057 0.2338 92.048 0.2501 121. 105 
320- 330 0.0133 29.070 0.2134 92.261 0.2267 121. 332 
330- 340 0.0116 29.082 O. 1979 92.459 0.2095 121. 541 
340- 350 0.0095 29.092 0.1777 92.637 O. 1872 121. 729 
~-350- 360 0.0082 29. 100 0.1617 92. 799 0.1700 121. 899 
360- 370 0.0075 29.107 O. 1505 92.949 O. 1580 122.056 
370- 380 0.0069 29.114 O. 1384 93.087 O. 1452 122.202 
380- 390 0.0057 29. 120 O. 1274 93.212 O. 1305 122.332 
390- 400 0.0052 29. 125 0.1158 93.328 O. 1210 122.453 
400- 410 0.0047 29. 130 O. 1089 93.437 0.1135 122.567 
410- 420 0.0038 29. 134 0.0996 93.536 O. 1033 122.670 
420- 430 0.0030 29. 137 0.0931 93.630 0.0962 122. 766 
430- 440 0.0026 29. 139 0.0845 93. 714 0.0870 122.853 
440- 450 0.0021 29. 141 0.0781 93. 792 0.0802 122.933 
450- 460 0.0019 29. 143 0.0742 93.866 0.0761 123.009 
460- 470 0.0011 29. 145 0.0696 93.936 0.0713 123.080 
470- 480 0.0015 29. 147 0.0623 93.998 0.0638 123. 144 
480- 490 0.0013 29. 148 0.0598 94.058 0.0611 123.205 
490- 500 0.0011 29. 149 0.0562 94.114 0.0573 123.263 
500- 600 0.0051 29. 154 0.2526 94.367 0.2577 123.521 
600-- 700 0.0014 29. 156 O. 1477 94.515 O. 1491 123.670 
700- 800 0.0000 29. 156 0.0748 94.590 0.0748 123. 745 
800- 900 0.0000 29. 156 0.0334 94.623 0.0334 123. 778 
900-1000 0.0000 29. 156 0.0200 94.643 0.0200 123. 798 
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Concerning to the primary gamma-rays, the half of the contribution to the flux density is due to 
the radon daughters in the atmospheric layer from the ground surface to the 30 m height for 214Pb, to 
the 40 m height for 214Bi, and to the 40 m height for the sum of214Pb and 214Bi, respectively. However, 
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Table l(b) Flux densities of total gamma-rays including scattered ones. 
ATMOSPHERIC CALCULATED FLUX DENSITY OF TOTAL GAMMA-RAYS (ohotons/(m2 'sec» 
LAYER CONTRIBUTION OF 214Pb CONTRIBUTION OF 214Bi SUM OF 214Pb AND 214Bi (m HEIGHT) EACH LAYER CUMULATION EACH LAYER CUMULATION EACH LAYER CUMULATION 
0 10 2l. 6660 2l. 666 44.9008 44.901 66.5667 66.567 
10- 20 15.8720 37. 538 33. 1468 78.048 49.0188 115.586 
20-- 30 13.6069 5l. 145 28.8468 106.894 42.4537 158.039 
30- 40 12.0067 63. 152 25.8834 132. 778 37.8902 195.929 
40- 50 10. 7796 73.931 23.6477 1---. 156.425 34.4273 230.357 50- 60 9.6950 83.626 22. 1913 178.617 3l. 8864 262.243 
60- 70 8. 7753 92.402 20.3672 198.984 29. 1424 291. 386 
70- 80 7.9534 100.355 18. 7587 217.743 26.7122 318.098 
80- 90 7.2985 107.654 17.6920 235.435 24.9905 343.088 
90- 100 6.6560 114.310 16.4133 25l. 848 23.0692 366. 158 
100- 110 6.0079 120.318 15.3821 267.230 21. 3900 387.548 
110- 120 5.4676 125. 785 14.3884 281. 618 19.8559 407.403 
120- 130 5.0273 130.812 13.3308 294.949 18.3581 425. 762 
130- 140 4. 5729 135.385 12.5780 307.527 17.1509 442.912 
140- 150 4.0601 139.445 11. 6496 319. 177 __ f-- 15. rm... 458.622 150- 160 3.6986 143. 144 II. 2130 330.390 14.9116 r- 473.534 
160- 170 3.3791 146. 52:l 10.4008 340. 791 13. 7799 487.314 
170- 180 3.0761 149.599 9.5058 350.296 12.5818 499.895 
180- 190 2.6531 152.052 8.9730 359.269 11. 4261 51l. 322 
190- 200 2.5015 154.554 8.3865 367.656 10.8880 522.210 
200- 210 2.3057 156.859 7.8608 375.517 10. 1665 532.376 
210- 220 2.0449 158.904 7.3926 382.909 9.4375 541. 814 
220- 260 1. 9085 160.813 6.8461 389. 755 8. 7546 550.568 
230- 240 l.7177 162.531 6.4190 396.174 8. 1367 558. 705 
240- 250 1. 5447 164.075 6. 1827 402.357 7. 7273 566.432 
250- 260 l. 4178 165.493 5.6222 407.979 7.0399 573.472 
260- 270 1. 2527 166. 746 5.3122 413.291 6.5649 580.037 
270- 280 1. 1868 167.932 4.9472 418.239 6. 1340 586.171 
280- 290 1. 0496 168.982 4.6028 422.841 5.6524 59l. 823 
290- 300 0.9365 169.919 4.3217 427. 163 5.2582 597.082 
300- 310 0.8458 170.764 3.9780 43l. 141 4.'823'8 601. 905 
310- 320 O. 7366 171. 501 3. 7945 434.936 4. 5312 606.437 
320- 330 O. 6816 172. 183 3.5475 438.483 4.2290 610.666 
330- 340 0.6304 172.813 3.3321 441. 815 3.9626 614.628 
340- 350 O. 5559 173.369 3.0393 444.854 3.5951 618.223 
350- 360 0.4924 173.861 2.8500 447. 704 3.3424 621. 566 
360- 370 0.4614 174.323 2. 7272 450.432 3. 1886 624. 754 
370- 380 0.4232 174. 746 2.5431 452.975 2.9663 627. 721 
380- 390 O. 3642 175. 110 2.4144 455.389 2. 7786 630.499 
390- 400 O. 3584 175.468 2.2544 457.644 2.6127 633. 112 
400- 410 O. 3199 175.788 2.1001 459. 744 2.4200 635.532 
410- 420 O. 3097 176.198 1.9238 461. 668 2.2335 637. 765 
420- 430 0.2607 176.359 1.8387 463.506 2.0993 639.865 
430- 440 0.2358 176.594 1. 7669 465.273 2.0027 641. 867 
440- 450 0.2121 176.8~L 1. 6246 466.898 l. 8367 643. 704 
450- 460 O. 1741 176.981 -~9 468.449 T 125IT 645.429 
460- 470 O. 1672 177. 148 1. 4371 469.886 1. 6043 647.033 
470- 480 O. 1531 177.301 1. 3878 47l. 273 l. 5409 648. 574 
480- 490 O. 1525 177.453 l. 2897 472.563 1. 4422 650.016 
490- 500 O. 1490 177.602 1. 1559 473. 719 1. 3049 65l. 321 
500- 600 O. 7545 178.357 6.3592 480.078 7.1137 658.435 
600- 700 0.2138 178.571 3. 9631 484.041 4.1769 662.612 
700- 800 0.0894 178.660 2.3803 486.421 2.4697 665.082 
800- 900 0.0593 178. 719 1.2589 487.680 l. 3182 666.400 
900-1000 0.0135 178.733 0.8526 488.533 0.8661 667.266 
the 90 % contribution is due to the atmospheric layer from the ground surface to the 110 m height for 
214Pb, to the 180 m height for 214Bi, and to the 170 m height for the sum of 214Pb and 214Bi, respectively. 
As for the total gamma-rays which include the scattered ones, the half of the contribution to the 
flux density is due to the radon daughters distributed in the atmospheric layer from the ground surface 
to the 70 m height for 214Pb, to the 100 m height for 214Bi, and to the 90 m height for the sum of 214Pb 
and 214Bi, respectively. Furthermore, the 90 % contribution is due to the atmospheric layer from the 
ground surface to the 240 m height for 214Pb, to the 340 m height for 214Bi, and to the 310 m height for 
the sum of 214Pb and 214Bi. 
The contribution of 214Bi to the flux density is about 2.1 times larger than that of 214Pb for the 
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atmospheric layer between 0 - 10 m height, and about 7.8 times between 490 - 500 m. For the 
atmospheric layer from the ground surface to the 1,000 m height, the former is about 2.7 times of the 
latter. These results are explained by the fact that the energies of the source gamma-rays of 214Bi are 
higher than that of 214Pb. 
Figures 1(a), (b) and (c) show the calculated gamma-ray flux densities at 1 m above the ground 
surface emitted from the atmospheric radon daughters distributed between the ground surface and the 
height indicated on the abscissa. These figures correspond to the uniform distribution of the 
atmospheric radon daughters with a content of 1 Bq/m3 . Figure 1(a), (b) and (c) show the flux densities 
due to 214Pb, 214Bi and the sum of214Pb and 214Bi, respectively. 
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Fig. l(a)-(c) Calculated gamma-ray flux densities at 1 m above the ground surface emitted from the 
atmospheric radon daughters distributed uniformly between the ground surface and the 
height indicated on the abscissa with the content of 1 Bq/m3. 
(a), (b) and (c) show the data for 214Pb, 2l4Bi and the sum of:n4pb and 214Bi, respectively. 
Ali shown in Figs. 1, it has been found that the precise estimation of the effect of atmospheric 
radon daughters on the environmental gamma-ray counting rate must take account of those distributed 
in the atmosphere from the ground surface to the height of 500 m. 
In the present study, the gamma-ray flux density at 1 m above the ground surface has been 
calculated to be about 667 photonsl(m2. sec) for the uniform distribution of the atmospheric radon 
daughters with a content of 1 Bqlm3• In the calculation of Beck(15) and Minato(18), about 720 and 665 
photons/(m2 • sec) were obtained, respectively, for those values. These three values are close each 
other. 
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Table 2 shows the calculated gamma-ray dose rate due to the radon daughters in the 
atmospheric layers of the various elevations obtained by the Monte Carlo method mentioned above. In 
this table, the vertical distributions of 21·Pb and 2uBi are, respectively, uniform with a content of 1 
Bq/m3 . The table shows the contributions of each atmospheric layer and the value cumulated up from 
the ground surface to the height indicated in the first column. 
Table 2 Calculated gamma-ray nux dose rate at 1 m above the ground surface emitted from the atmospheric 
radon daughters distributed uniformly with the content of 1 Bq/m3. 
The data shown in this table are obtained by the present Monte Carlo calculation. The contribution 
of each atmospheric layer and the cumulated contribution from the ground surface to the various 
height indicated in the first column are shown together. The thickness of each atmospheric layer 
considered is 10 m in the region between the ground surface and the 500 m height, and 100 m 
·between the 500 - 1,000 m height. 
ATMOSPHERIC CALCULATED DOSE RATE (nGy/hr) 
LAYER CONTRIBUTION OF 214Pb CONTRIBUTION OF 214Bi SUM OF 214Pb AND 214Bi (m HEIGHT) .-EACH LAYER CUMULATION EACH LAYER CUMULATION EACH LAYER CUMULATION 
0 10 7. 8049 X 10-· 0.00780 4. 6050 X 1 O-~ 0.04605 5. 3855 x 1O-~ 0.05385 
10- 20 4. 9730 X 10-3 0.01278 2. 8644 x 10-2 0.07469 3. 3617 X 10-2 0.08747 
20- 30 3. 9999 X 10-3 0.01678 2. 3039 X 10-2 0.09773 2. 7039 X 10-2 O. 11451 
30- 40 3. 3585 X 10-3 0.02014 1. 9454 X 10-2 0.11719 2. 2812 X lO-2 O. 13732 
40- 50 2. 9087 X 10-3 0.02304 1. 6948 X 10-2 O. 13413 1. 9856 X 10-2 0.15718 
50 60 2. 5254 X lO-J 0.02557 1. 5016 X 10-· O. 14915 l. 7541 X 10-~ O. 17472 
60- 70 2. 2270 X 10-3 0.02780 1. 3384 X 10-2 O. 16253 1. 5611 X 10-2 O. 19033 
70- 80 1. 9681 X 10-3 0.02977 1. 2030 X 10-2 0.17456 1. 3997 X 10-2 0.20433 
80- 90 1. 7517 X 10-3 0.03152 1. 1142 X 10-2 O. 18571 1. 2893 X 10-2 0.21722 
90- 100 1. 5710x 10-3 0.03309 9.9938 X 10-3 O. 19570 1. 1565 X 10-2 0.22879 
100- 110 l. 4026 X 10-' O. Q3449 9. 1800 X 10-' 0.20488 l. 0583 X 1 o-~ 0.23937 
110- 120 1. 2611 X 10-3 0.03575 8. 4096 X 10-3 0.21329 9. 6707 X 10-3 0.24904 
120- 130 1. 1335 X 10-3 0.03689 7. 5869 X 10-3 0.22088 8. 7204 X 10-3 0.25776 
130- 140 1. 0183 X 10-3 0.03790 7.0205 X 10-3 0.22790 8. 0388 X 10-3 0.26580 
140- 150 8. 9707 X 10-4 0.03880 6. 4710 X 10-3 0.23437 7. 3680 X 10-3 0.27317 
150· 160 8.0918 X 10-4 0.03961 6.0473X1(f3" 0.24041 6. 8565 X 10-3 0.28002 
160- 170 7. 3167 X 10-4 0.04034 5.6011 X 10-3 0.24602 6. 3328 X 10-3 0.28636 
170- 180 6. 5921 X 10-4 0.04100 5. 1354 X 10-3 0.25115 5. 7946 X 10-3 0.29215 
180- 190 5. 9416 X 10-4 0.04159 4. 8377 X 10-3 0.25599 5.4319 X 10-3 0.29758 
190- 200 5. 3379 X 10-4 0.04213 4. 4300 X 10-3 0.26042 4. 9638 X 10-3 0.30255 
200- 210 4. 8744 X 10-· 0.04262 4. 1346 x 10-' 0.26455 4. 6220 x 10-3 0.30717 
210- 220 4.2781 x 10-4 0.04304 3.8219 X 10-3 0.26838 4. 2497 X 10-3 0.31142 
220- 260 3. 9603 X 10-4 0.04344 3. 5483 X 10-3 0.27192 3. 9444 x 10-3 0.31536 
230- 240 3.5218 X 10-4 0.04379 3. 3017 X 10-3 0.27523 3.6539 X 10-3 0.31902 
240- 250 3. 1417 X 10-4 0.04411 3. 1371 X 10-3 0.27836 3.4513 X 10-3 0.32247 
250- 260 2. 9399 X 10-' 0.04440 2.8874 X 10-· 0.28125 3. 1814 X 10-3 0.32565 
260- 270 2. 5491 X 10-4 0.04466 2. 7059 X 10-3 0.28396 2. 9608 X 10-3 0.32861 
270- 280 2. 3832 X 10-4 0.04489 2.4954 X 10-3 0.28645 2. 7337 X 10-3 0.33134 
280- 290 2. 1020 X 10-4 0.04510 2. 3229 X 10-3 0.28877 2.5331 X 10-3 0.33388 
290- 300 1. 8739 X 10-4 0.04529 2. 1484 X 10-3 0.29092 2.3358 X 10-3 0.33621 
300- 310 1. 7107 X 10-' 0.04546 2. 0002 X 10-· 0.29292 2. 1713 X 10-' 0.33838 
310- 320 1. 4964 X 10-4 0.04561 1. 8870 X 10-3 0.29481 2.0366 X 10-3 0.34042 
320- 330 1. 3700 X 10-4 0.04575 1. 7636 X 10-3 0.29657 1. 9006 X 10-3 0.34232 
330- 340 1. 2400 X 10-4 0.04587 1. 6775 X 10-3 0.29825 1. 8015 X 10-3 0.34412 
340- 350 1. 0889 X 10-4 0.04598 1. 5232 X 10-3 0.29977 1. 6321 X 10-3 0.34576 
350- 360 9.7987 X 10-' 0.04608 1. 4264 X 10-' 0.30120 1. 5244 X ro-r- --0.34728 
360- 370 9. 0952 X 10-5 0.04617 1. 3453 X 10-3 0.30255 1. 4363 X 10-3 0.34872 
370- 380 8. 2820 X 10-5 0.04625 1. 2389 X 10-3 0.30378 1. 3217 X 10-3 0.35004 
380- 390 7. 2819X 10-5 0.04633 1. 1695xI0-3 0.30495 1. 2423 X 10-3 0.35128 
390- 400 7. 1005 X 10-5 0.04640 1. 1063 X 10-3 O. 30606 1. 1773 X 10-3 0.35246 
400- 410 6. 3020 X 1O-~ 0.04646 1. 0338 X 1<f3" 0.30709 1. 0969 X 10-' 0.35355 
410- 420 6.0078 X 10-5 0.04652 9.6241 X 10-.1 0.30806 1. 0225 X 10-3 0.35458 
420- 430 5.0706 X 10-5 0.04657 9. 1823 X 10-4 0.30897 9. 6893 X 10-4 0.35555 
430- 440 4. 6289 X 10-5 0.04662 8. 5750 X 10-4 0.30983 9. 0379 X 10-4 0.35645 
440- 450 4.0853 X 10-5 0.04666 8. 1864 X 10-4 0.31065 8. 5949 X 10-4 0.35731 
450- 460 3.3821 X 10 . 0.04670 7. 7135 x 10-' 0.31142 8.0517 x 10-4 0.35811 
460- 470 3.2751 X 10-5 0.04672 7. 0909 X 10-4 O. 31213 7.4184 X 10-4 0.35886 
470- 480 2. 9942 X 10-5 0.04675 6.8359 X 10-4 0.31281 7. 1353 X 10-4 0.35957 
480- 490 2. 8927 X 10-5 0.04678 6.4186 x 10-4 0.31346 6. 7079 X 10-4 0.36024 
490- 500 2.7174 X 10-5 0.04681 5. 9323 x 10-4 0.31405 6.2040 X 10-4 0.36086 
500- 600 1. 4811 X 10-4 0.04696 3. 1393 x 10-J 0.31719 3. 2875 X 10-' 0.36415 
600- 700 4.3673 X 10-5 0.04700 2.2414 x 10-3 O. 31943 2.2851 x 10-3 0.36643 
700- 800 2.0949 X 10-5 0.04702 1. 1553 x 10-3 0.32059 1. 1762 X 10- 3 0.36761 
800- 900 8.6707 X 10-6 0.04703 6. 2621 x 10-4 0.32121 6. 3488 X 10-4 O. 36824 
900--1000 1. 7606 X 10-6 0.04703 3.9095 x 10 4 O. 32160 3.9271 X 10-4 0.36864 
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The half of the contribution to the dose rate is due to the radon daughters distributed in the 
atmospheric layer from the ground surface to the 60 m height for 214Pb, to the 70 m height for 214Bi, and 
to the 70 m height for the sum of 214Pb and 214Bi, respectively. Furthermore, the 90 % contribution is 
due to the atmospheric layer from the ground surface to the 210 m height for 214Pb, to the 300 m height 
for 214Bi, and to the 290 m height for the sum of 214Pb and 21'Bi 
The contribution of 214Bi to the dose rate is about 5.9 times larger than that of 21'Pb for the 
atmospheric layer between 0 - 10 m height, and about 22 times between 490 - 500 m. For the 
atmospheric layer from the ground surface to the 1,000 m height, the former is about 6.8 times of the 
latter. These results are caused by the fact that the contribution of a high energy gamma-ray to the 
dose rate is larger than the low energy one, and the energies of the source gamma-rays from 21'Bi are 
higher than that from 21'Pb. 
Figure 2 shows the calculated gamma-ray dose rate at 1 m above the ground surface emitted 
from the atmospheric radon daughters distributed between the ground surface and the height indicated 
on the abscissa. This figure corresponds to the uniform distribution of the atmospheric radon 
daughters with a content of 1 Bq/m3. 
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Fig. 2 Calculated gamma-ray dose rate at 1 m above the ground surface emitted from the atmospheric 
radon daughters distributed uniformly between the ground surface and the height indicated on 
the abscissa with the content of 1 Bq/m3. 
According to the present calculation, it has been found that the radon daughters distributed in 
the atmosphere from the ground surface to the height of 500 m must be taken account for the precise 
estimation of the effect of those in atmospheric on the environmental gamma-ray counting rate. 
In this study, the gamma-ray dose rate at 1 m above the ground surface has been calculated to 
be about 0.369 nGy/hr for the uniform distribution of the atmospheric radon daughters of the 1 Bq/m3 
content. This value is close to the observed ones(2.5) and the calculated result(16) published already. 
3. Conclusion 
The Monte CaIro calculations have been carried out to estimate the effect of the atmospheric 
radon daughters on the environmental gamma-ray intensity observed near the ground surface. The 
results obtained in this work show that it is necessary for the precise estimation of that effect to take 
account of the atmospheric radon daughters distributed between the ground surface and a height of 500 
m. When the radon daughters are distributed uniformly in the atmosphere and their contents are 
same each other, the flux density due to 214Bi is about 2.7 times higher than that of 21'Pb, and the dose 
rate of the former is about 6.8 times of the latter. 
The results obtained in this work have an advantage that one can easily estimate the flux 
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densities and the dose rates due to the atmospheric radon daughters in any arbitrary vertical 
distribution. 
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Appendix: Computer program of Monte CaIro calculation used in this work 
The program shown here is for the flux densities due to 214Bi distributed in the atmospheric 
layers of 10 m thickness of which elevations are 200 - 250 m above the ground surface. 
C *** NEW MONTE CARLO ANALYSIS OF GAMMA RAY TRANSPORT FROM LAYER SOURCE 
C * IN AIR TO DETECTOR POSITION FOR RA-C *** 
DIMENSION PHOTEN(22),RATEPH(22) 
DIMENSION ERNK(ls),CMMU(2,lS),PEMU(2,ls),PPMU(2,ls),TTMU(2,lS) 
DIMENSION RE(30),GSPMT(S,30),HEI(s) 
C *** INPUT DATA *** 
READ(s,2000) (HEI(I),I=l,s) 
2000 FORMAT(SF12.9) 
WRITE(6,2010) (HEI(I),I=l,S) 
2010 FORMAT(S(Fs.2,8X» 
READ(s,10) (ERNK(I),CMMU(l,I),PEMU(l,I),PPMU(l,I),TTMU(l,I), 
* 1=1,15) 
10 FORMAT(5F12.9) 
WRITE(6,30) (ERNK(I),CMMU(l,I),PEMU(l,I),PPMU(l,I),TTMU(l,I), 
* I=l,ls} 
30 FORMAT(lH ,F5.2,8X,4F13.9) 
READ(5,2020) (ERNK(I),CMMU(2,I),PEMU(2,I},PPMU(2,I),TTMU(2,I), 
* 1=1,15) 
2020 FORMAT(5F12.9) 
WRITE(6,2030) (ERNK(I),CMMU(2,I),PEMU(2,1),PPMU(2,I),TTMU(2,1), 
* 1=1,15) 
2030 FORMAT(lH ,Fs.2,BX,4F13.9) 
READ(5,2040) (PHOTEN(I),I=1,22) 
2040 FORMATCsF12.9) 
WRITEC6,20s0) (PHOTEN(I),I=1,22) 
2050 FORMATCSF8.S) 
READ(S,2060} (RATEPH(I),I=1,22) 
2060 FORMATCSF12.9) 
WRITE(6,2070) (RATEPH(I),I=1,22) 
2070 FORMAT(SF8.S) 
TRATE=O.O 
DO 2100 1=1,22 
TRATE=TRATE+RATEPH(I) 
2100 CONTINUE 
DO 9900 IALT=l,s 
ALT=10.0*FLOAT(IALT-l)+200.0 
C *** PRIMARY CONDITION *** 
IV=S50S 
IHIST=100000 
EC=O.Os 
DIVHIS=1.0/FLOAT(IHIST) 
DO 200 1=1,30 
RE(I)=FLOATCI)*O.l 
200 CONTINUE 
NCMTOT=O 
NPETOT=O 
NPPTOT=O 
NCMETH=O 
NPEETH=O 
NPPETH=O 
NPENET=O 
NRECOV=O 
DO 210 J=1,30 
DO 220 1=1,5 
GSPMTCl,J)=O 
220 CONTINUE 
210 CONTINUE 
DO 1000 IH=l,IHIST 
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C *** INITIAL CONDITION *** 
ADRATE=O.O 
RY=RAND<IV) 
DO 2500 1=1,22 
ADRATE=ADRATEtRATEPH(I) 
IF(RY.LT.ADRATE/TRATE) GO TO 2510 
2500 CONTINUE 
2510 CONTINUE 
PRIE=PHOTEN(I) 
E=PR IE 
X1=0.0 
Y1=0.0 
Z1=10.0*RAND(IV)tALT 
CSTH1=2.0*RAND(IV)-1.0 
SNTH1=SQRT(1.0-CSTH1*CSTH1) 
CSPIH=l, .0 
SNPH1=0.0 
W=1.0 
MED=1 
INMED=O 
1 CONTINUE 
3000 CONTINUE 
C *** COMPUTATION OF DISTANCE TO COLLISION *** 
C ** LINEAR ATTENUATION COEFFICIENT ** 
IF(INMED.EQ.O) GO TO 3010 
TH1UE1=TTMUE 
3010 CONTINUE 
DO 300 1=1,15 
IF(E.LT.ERNK(I» GO TO 310 
300 CONTINUE 
310 XE=ALOG(E) 
XE1=ALOG(ERNKCI-l» 
XE2=ALOG(ERNKCI» 
YCM1=ALOG(CMMU(MED,I-1» 
YCM2=ALOG(CMMU(MED,I» 
CMMUEL=(YCM1-YCM2)*(XE-XE2)/(XEI-XE2)tVCM2 
CMMUE=EXP(CMMUEL) 
IFCPEMU(MEO,I).EQ.O.O) GO TO 320 
VPE1=ALOG(PEMU(MED,I-1» 
VPE2=ALOG(PEMU(MED,I» 
PEMUEL=(VPEI-VPE2)*(XE-XE2)/(XEI-XE2)tVPE2 
PEMUE=EXP(PEMUEL) 
GO TO 330 
320 CONTINUE 
PEMUE=O.O 
330 CONTINUE 
IF(PPMU(MEO,I-1).EQ.0.0) GO TO 340 
VPP1=ALOGCPPMU(MED,I-l» 
VPP2=ALOG(PPMU(MED,I» 
PPMUEL=(VPPI-VPP2)*(XE-XE2)/(XE1-XE2)tVPP2 
PPMUE=EXPCPPMUEL) 
GO TO 350 
340 r.ONTINUE 
PPMUE=O.O 
350 CONTINUE 
TTMUE=CMMUEtPEMUEtPPMUE 
C ** DISTANCE ** 
IFCINMED.EQ.O) GO TO 3020 
D 1 = A B S ( Z 1 / C S Tli 1> 
D=Dl-(ALOG(RY)tDl*TTMUE1)/TTMUE 
GO TO 3030 
3020 CONTINUE 
390 CONTINUE 
RV=RAND<IV) 
IF(RV.EQ.O.O) GO TO 390 
D=-(ALOGCRV»/TTMUE 
3030 CONTINUE 
C *** COMPUTATION OF POSITION OF COLLISION *** 
Z2=Zl+D*CSTH1 
IFCINMED.EQ.O) GO TO 3040 
INMED=O 
If(MED.EQ.2) GO TO 3050 
NRECOV=NRECOV+l 
GO TO 3060 
3050 CONTINUE 
NPENET=NPENET+l 
GO TO 3060 
3040 CONTINUE 
IF(Zl*Z2.GE.0.0) GO TO 3070 
INMED=1 
MED=ABS(MED-2)+1 
GO TO 3000 
3070 CONTINUE 
If(MED.EQ.2) GO TO 3100 
3060 CONTINUE 
C *** EXCLUSION OF NO PASSING *** 
ZMI\=I\MI\X1(Zl,Z2) 
ZMI=AMIN1 <Zl,Z2> 
IF(ZMA.LT.O.O) GO TO 490 
IF(ZMI.GT.10.0) GO TO 490 
C;:;Z2-Z1 
IF(C.EQ.O.O) GO TO 490 
C *** STORING OF DATA BY TRACK LENGTH METHOD *** 
C ** PREPARATION ** 
SININ=ABS(C/D) 
DIVWSN=W/SININ 
C ** DECISIQN OF RANK OF ENERGY ** 
DO 400 K=1,30 
IF(E.LT.RE(K» GO TO 410 
400 CONTINUE 
410 CONTINUE 
KFIX=K 
C ** CLI\SSIFICI\TION OF PATH ** 
C * DECISION OF HEIGHT * 
DO 420 1=1,5 
IF(ZMI.LT.HEICI» GO TO 430 
420 CONTINUE 
430 CONTINUE 
IMI=1 
DO 440 I=IMI,5 
IF(ZMI\.LT.HEI(I» GO TO 450 
440 CONTINUE 
450 CONTINUE 
IMA=I-l 
IDIV=IMA-IMI 
IF(IDIV.LT.O) GO TO 490 
IF(E.EQ.PRIE) GO TO 460 
C * STORING * 
DO 470 I=IMI,IMA 
GSPMTCI,KFIX)=GSPMTCI,KFIX)+DIVWSN 
470 CONTINUE 
GO TO 490 
460 CONTINUE 
DO 480 I=IMI,IMA 
GSPMTCI,KFIX)=GSPMT(I,KFIX)tDIVWSN 
GSPMTCI,30)=GSPMTCI,30)+DIVWSN 
480 CONTINUE 
490 CONTINUE 
3100 CONTINUE 
C *** DETERMINATION OF COLLISION TYPE *** 
RY=RANDCIV) 
IF(RY.LT~PEMUE/TTMUE) GO TO 500 
IFCRY.LT.(PEMUE+CMMUE)/TTMUE) GO TO 600 
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C *** PAIR PRODUCTION *** 
W=W*2.0 
E=0.S11 
X1=X1+D*SNTH1*CSPHl 
Y1=Y1+D*SNTH1*SNPHl 
Z1=Z2 
CSTH1=2.0*RANDCIV)-1.0 
SNTU1=SQRT C1.0-CSTHhCSTHt> 
CSPU1=1.0 
SNPH1=0.0 
NPPTOT=NPPTOT+1 
IF(MED.EQ.1) GO TO 1 
NPPETH=NPPETU+1 
GO TO 1· 
C *** PHOTOELECTRIC EFFECT *** 
500 CONTINUE 
NPETOT=NPETOT+l 
IFCMED.EQ.l) GO TO 900 
NPEETH=NPEETH+1 
GO TO 900 
C *** COMPTON SCATTERING *** 
600 CONTINUE 
C ** DETERMINATION OF ENERGY AND SCATTERING ANGLE BY METHOD OF KAHN ** 
RAN1=RANOCIV) 
RAN2=RANO Cl V) 
RAN3=RANOCIV) 
ALP=E/0.S11 
IF(RAN1.LE.CALP*2.0+1.0)/(ALP*2.0+9.0» GO TO 610 
RATIO=(ALP*2.0+1.0)/(ALP*RAN2*2.0+1.0) 
CSPS=1.0-(RATIO-1.0)/ALP 
IF(RAN3.LE.(CSPS**2+1.0/RATIO)*0.5) GO TO 620 
GO TO 600 
610 CONTINUE 
RATIO=1.0+ALP*RAN2*2.0 
IF(RAN3.GT.(1.0/RATIO-l.0/(RATIO*RATIO»*4.0) GO TO 600 
CSPS=1.0-RAN2*2.0 
620 CONTINUE 
ESC=0.511*ALP/RATIO 
IF(ESC.GE.EC)GO TO 630 
NCMTOT=NCMTOT+l 
IF(MED.EQ.1) GO TO 900 
NCMETII=NCMETH+l 
GO TO 900 
630 CUNTINUE 
SNPS=SQRT(1.0-CSPS*CSPS) 
C ** DETERMINATION OF ANGLE ** 
RY=RANDClV) 
OME=3.141592*RY*2.0 
SNor1=SIN(OME) 
CSOM=COS(OME) 
C S TII2 =C S Till * C SPS+SNTH 1 * SNPS * C SOM 
S~TH2=SQRT(1.0-CSTH2*CSTH2) 
IF(SNTH1*SNTH2.EQ.0.0) GO TO 670 
C S D P U = ( C S P S - C S Til h CST H 2 ) I ( S NTH h S N T Ii 2 ) 
SNDPH=SNOM*SNPS/SNTIi2 
C SPI12=CSDPH * CSPH1-SNDPH * SNPH 1 
IF(CSPH2.GT.l.0) CSPH2=1.0 
IF(CSPH2.LT.-l.0) CSPH2=-1.0 
SN2=1.0-CSPH2*CSPII2 
SNPI12=SQRT (SN2) 
GO TO 680 
670 CONTINUE 
CSPII2=CSOM 
SNPli2=SNOM 
680 CONTINUE 
E=ESC 
Xl=Xl+D*SNTH1*CSPHl 
Yl=Yl+D*SNTH1*SNPHl 
ZI=Z2 
SNTU1=SNTH2 
SNPH1=SNPH2 
CSHll=CSHI2 
CSPH1=CSPH2 
NCMTOT=NCMTOT+l 
IFCMED.EQ.l) GO TO 1 
NCMETH=NCMETH+l 
GO TO 1 
900 CONTINUE 
1000 CONTINUE 
C *** OUTPUT DATA *** 
WRITE(6,700) 
700 FORMATC1Hl,///,5X,75H***GAMMA SPECTRA FROM LAYER SOURCE IN AIR TO 
*DETECTOR POSITION BY T.L.M.***,//) 
WRITE(6,710) ALT,IHIST 
710 FORMATC111 ,5X,12HRA-CCBI-214),5X,12HALTITUDE(M)=,F7.2,5X, 
* 8HHISTORY=,I6,//) 
WRITE(6,720) 
720 FORMAT(lH ,5X,9HHEIGHTCM),5X,11HENERGYCMEV),5X,25HFLUX OENSITY(/M2 
*/MEV/SEC),/) 
DO 730 1=1,5 
WRITEC6,740) HEICI) 
740 FORMAT(lH ,5X,F9.2) 
TTN=O 
DO 750 K=1,25 
AAAA=GSPMTCI,K)*DIVHIS*TRATE 
TTN=TTN+AAAA 
WRITE(6,760) RE(K),AAAA 
760 FORMAT(lH ,19X,Fll.1,E30.8) 
750 CONTINUE 
GSPMTCI,30)=GSPMT(I,30)*OIVHIS*TRATE 
WRITE(6,770) GSPMTCI,30) 
770 FOR MAT C HI , I , 1 2 X , 12 H P RIM A R Y FLU X, E 30 • 8 ) 
WRITE(6,800) TTN 
800 FORMAT{lH ,/,5X,11HTOTAL FLUX=,E15.B) 
730 CONTINUE 
WRITEC6,810) NCMTOT,NPETOT,NPPTOT 
810 rORMATC1110,1/,5X,lBHNUMBER OF COMPTON=,I9,5X,20HNUMBER OF PHOTO EL 
*E=,I9,5X,19HNUMBER OF PAIR PRO=,I9) 
WRITE(6,820) NCMETH,NPEETH,NPPETH 
820 FORMAT(lHO,//,5X,18HNUMBER OF COMPTON=,I9,5X,20HNUMBER OF PHOTO EL 
*E=,I9,5X,19HNUMBER OF PAIR PRO=,I9) 
WRITE(6,830) NPENET,NRECOV 
830 FORMATC1110,11,5X,21HNUMBER OF PENETRATOR=,I9,5X,20HNUMBER OF RECOV 
*ERER=,19) 
9900 CONTINUE 
STOP 
END 
C *** FUNCTION RANDOM NUMBER *** 
FUNCTION RANDO) 
1=3125*1 
RAND=FLOATCI)*4.656612E-l0 
IF(RAND.LT.O.O) RANO=-RANO 
RETURN 
END 
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